If current population and health trends continue, workplace demographics will look significantly different by the turn of the century. Organizations will no longer have a steady pipeline of younger workers and will likely need to rely on older workers to remain competitive in the global marketplace. The future multi-generational workforce will bring with it the challenge of maximizing contributions from each generation whilst at the same time addressing the health, safety and wellbeing needs of all workers. OBJECTIVE: This review provides an insight into aging and older workers, and presents recommendations to promote worker longevity. METHODS: This narrative review draws on evidence from 108 published sources.
Introduction
The Executive Chair of the International Longevity Centre stated at the Global Summit on the Aging Workforce that, in her view, population aging is the greatest legacy of the 20th century and the greatest challenge of the 21st century [1] . Following the abolition in the UK of a legal retirement age (unless retirement age can be objectively justified), in October 2011, there is an increased need to pro-vide opportunities for individuals to remain in post if they are able to meet the demands of the job. Thus, the use of Physical Employments Standards (PES) will play an important role in maintaining objectivity when managing the aging work force in jobs where there are high physical demands.
Over the next 30 years, in the European Union, the working-age population is expected to shrink at the rate of between 1 and 1.5 million people each year. In parallel, the number of people aged 60 years and over is expected to increase at the rate of about 2 million each year [2] , thus it is likely state pension ages will continue to rise due financial reasons. The working-age population is already beginning to contract in several large developed countries, including Germany and Japan [3] . By 2030, it is predicted to be stagnant or contracting in nearly all developed countries, the only major exception being the US where couples are continuing to have more children than in Europe [3] . This is predicted to be the first time in human history where the oldest age groups are larger than the youngest [2] .
According to a report by Age UK, there are nearly 900,000 people in the UK currently working past the age of 64, eight million aged 54 to 64 years, and a further 735,000 past the age of 50 years who want to be in the workforce [4] . This is partly driven by the abolition of the default retirement age, and the fact that state pension ages are set to rise to 66 by 2020 and 67 by 2026 for both men and women [4] . Similar employment trends are visible across Europe, Australia and Canada, where a U-shaped trend has been observed in which the number of men aged 60 to 64 years still in the labor force has occurred across the period from 1980 to 2016 [5] . In the US it is projected that by 2024, the labor force will grow to about 164 million people, of which approximately 41 million people will be aged 55 years and older, and approximately 13 million expected to be aged 65 years and older [6] . Despite similarities in trends, participation levels vary substantially across similar countries. For instance, only 30% of men aged 60 to 64 years in France were in the labor force in 2016, compared to 65% in Germany, 70% in the US and 75% in Sweden. Participation was highest in Japan, at 80% [5] . For older women, there have been increases in participation in most countries with the biggest changes taking place where men's participation also rose substantially. For example, between 2000 and 2015, women's workforce participation increased approximately 20% in France, Austria, Italy and Australia, and 32% in Germany. Canada, the UK, Sweden and the US demonstrated smaller increases of: 17%, 14% 10% and 6% respectively [5] . Health, and in turn fitness for work, will become ever more important not just to secure pensions, but also to respond to both the changing age demographic and resultant labor shortages [7, 8] . Thus, as the global population ages and working lives are extended there will be an increasing need to identify measurable and modifiable factors that influence the physical performance of the aging workforce and provide strategies to support the extension of working lives.
In addition, non-communicable disease and lifestyle-related health issues are rising and are responsible for over 35 million annual deaths globally, with a 60% increase anticipated by 2030 [9] .
During the period 1980 to 2000, life expectancy for a 65-year-old increased by 3 years for men, and 2.8 years for a woman, yet on average only 1 year was healthy, while the other 2 years are spent chronically ill [10] .
Diseases that were more often seen in developed countries are now on the rise in emerging economies such as Mexico, India and China [11] [12] [13] . In Mexico, the major health concerns are related to cardiovascular disease and obesity, emerging trends show that Mexicans die younger than their counterparts in wealthier countries [11] . India is also experiencing health trends that have never previously been seen in their country. Although communicable diseases are still at the forefront of public health in India, cardiovascular disease and diabetes are rising [13] . It is predicted that in India 57.2 million people will have diabetes by 2025, many of whom will be of working age, and over the next 10 years chronic disease deaths will increase from 60% to as much as 77% [14] . Overall, non-communicable diseases and lifestyle-related health issues are rising with the UN anticipating a 60% increase by 2030 [9] . Thus, it is inevitable that the prevalence of chronic health conditions will impact into the workforce.
The likelihood of suffering from a long-standing condition and, at the same time, being able to continue working is, in some measure, dependent on the level of education of the worker [15] . Studies in Finland, France, the UK and US have highlighted that workers beyond the age of 50 years with low socio-economic position have an increased risk of health-related exit from employment [16] . Thus, the higher the level of education, the more likely the worker will be able to remain in work due, in part, to the nature and physical demands of their job i.e. those with higher levels of education tend to occupy less physically demanding roles [15] .
It is clear that organizations will no longer have a steady pipeline of younger workers, and will need to rely on older workers to remain competitive in the global marketplace. In addition, with a shrinking workforce and a loss of older workers to retirement or 'bridging' jobs (e.g. jobs that have fewer hours, are less skilled and/or have lower physical demands) valuable knowledge, skills and experience will be lost, incurring significant replacement costs. Thus, the future multi-generational workforce will bring with it the challenge of maximizing the contributions of each generation whilst, at the same time, addressing the health, safety and wellbeing needs of all workers [17] . To accomplish this one of the first steps will be to predict where emerging health-based risks are likely to occur and better understand the health profiles of potential employees. These factors will be critical in helping to set health and business priorities in emerging markets and will place an emphasis on measuring and monitoring fitness for work. Secondly, appropriate assessment of both health (medical standards) and physical demands of the job (PES) will be required. The following sections will look to define the aging worker and investigate the impact age has on work, before reviewing existing policies and practices and highlighting future considerations.
Definition of terms
In dealing with an aging workforce, clarification as to what age best describes "an older worker" is required. The UK Health and Safety Executive (HSE) and scientific literature defines those over 50 years old to be "older workers" [18] [19] [20] [21] [22] [23] [24] . It is also pertinent to distinguish between an "older worker" and an "aging worker". Aging workers have been considered to be individuals 45 years and older [19] . But classifying someone as an older worker chronologically, does not mean people age at the same speed. Physically, age depends on genetics, health habits, illness, environment and occupation. Thus, it would be a mistake to think the relationship between age and an individual's capability to work is simple; there are many factors that can be classified as determinants of capability to work and age is only one of these.
Aging and work
There are a number of facts and misconceptions with respect to age, health status and employability for aging and older workers [22] . The following section examines the literature with regard to: physical work capacity and productivity; sensory abilities; cognitive function; fatigue and recovery; sick leave and accidents in the workplace.
Physical work capacity and productivity
Many occupations place a physical demand on their employees. In this context and in regard to an aging workforce, the preservation of the physical attributes to maintain the required outputs and promote the longevity of experienced workers is a key objective [25] [26] [27] .
To understand the potential physical limitations associated with being able to meet the demands of a job and aging, it is important to look at the changes that occur in physical capacity with age. Three key factors affecting physical capacity are: cardiorespiratory function, muscular strength, and muscular endurance. A decline in any of these can limit an employee's ability to engage with occupational activities, especially if the physical demand is heavy [28] . For example, if a worker's physical work capabilities decline such that self-paced work becomes slower or set-paced work elicits more fatigue, work ability and productivity will be compromised [29] .
Aging is associated with complex and diverse changes of cardiovascular structure and function (Table 1) .
The decline in maximal aerobic capacity (V O 2 max) can be as much as 50% from the age of 18 to 75 years old, with a steady decline across the age range reported in both males and females [33] . It has been suggested that peak aerobic performance can be maintained in elite performers until approximately 35 years of age, this is followed by modest decreases until 50 to 60 years, thereafter progressively steeper declines are observed [34] [35] [36] . Studies showed that aerobic training can lessen the impact of aging onV O 2 max, but it could not be maintained at the level of the younger athletes, which was attributed to a lower maximum heart rate in the older athletes [37] . Furthermore, it has been suggested that half of the age-related decreases iṅ V O 2 max could be attributed to an increase in body fat and a decrease in lean muscle mass resulting from a reduction in regular physical activity [38, 39] . Significant individual differences have been reported in aerobic and cardiovascular function due to lifestyle factors [37, [39] [40] [41] . Thus, maintaining a low body mass index (BMI), being physically active and not smoking are associated with higher cardiorespiratory fitness across the adult life span [36] . In the context of work, where tasks have a high aerobic demand, both maximal oxygen uptake (V O 2 max) and the ability to work at a sustained a percentage ofV O 2 max are important for completing work tasks [29, 42] . Thus, a decline in aerobic capability is linked to a reduction in work capacity.
Up to the age of 40 to 45 years, peak muscle force remains relatively constant. From 40 to 65 years there is a slight decline (e.g. approximately 5% per decade) which is accelerated thereafter. Reductions in peak muscle force mirror decreases in muscle fiber cross sectional area and selective atrophy of the fast twitch [32, [43] [44] [45] . Furthermore, elasticity, tensile strength and the capacity for the connective tissue to regenerate slows with age [32] . As with cardiorespiratory function, the magnitude of strength loss is controlled by levels of inactivity [29, 42] . Endurance training has been found to improve the aerobic capacity of muscle, and resistance training can improve central nervous system recruitment of muscle and increase muscle mass [44] . Physical activity throughout life is encouraged and perceived as optimal to prevent much of the age-related impact on skeletal muscle [44] . The American College of Sports Medicine (ACSM) has provided a position statement on resistance training in later life [24] , which is a useful resource when considering training programs for the older worker. Large individual variations exist for physical fitness, which is not only affected by age, but also by genetic factors, lifestyle factors, and the environment in which individuals live and work. This explains why highly trained older individuals are often able to outperform those who are younger, and remain in jobs with a high physical demand. The reason, perhaps, is because age has been reported to have lower correlations with performance outcomes than physical fitness [46] and experience when job tasks were reported as complex [47] . Furthermore, employees with the necessary capabilities may self-select to remain in an occupation with high physical demands, with their "experience" increasing their mechanical efficiency and therefore reducing the energy cost associated with a task [29, 48] . Age alone is not, therefore, a definitive predictor of the performance of individuals engaged in physically demanding occupations, and fitness appears to be a much stronger predictor of job performance. This effect shows that healthier workers in general, tend to work longer than those of poorer health and those who retire or transfer to jobs that are less physically demanding.
Self-selection may not be an option for some workers or employers, yet high physical workloads may not have the desired training effect on maintaining muscle strength in aging workers [49] . Thus, in order to ensure that workers who remain in post are motivated, healthier and maintain strength as they progress through their working life, it is recommended that, for physically demanding occupations, a physical fitness training program be integrated into the lifestyles of employees, aimed at maintaining cardio-respiratory and muscular fitness [46, 50] .
Sensory abilities
As we age our vision naturally changes with decreases in visual acuity, particularly near-vision, light sensitivity, glare tolerance and color vision [50] . Worldwide 65% of visually impaired and 82% of all blind people are aged 50 years and over, with cataracts accounting for more than half of all blindness [51] . It has been shown that contrast sensitivity decreases with age [50] and that older truck drivers have difficulty with depth perception [52] . In addition, impaired vision may affect close, detailed work and display screen use, but need not affect job performance and in most cases deficiencies can be overcome by corrective eyewear or adaptive technology [53] .
Structural and sensorineural degeneration occurs throughout the auditory system as we age causing hearing loss and balance problems [54] . The incidence of hearing loss in the US is 37% at 10-year follow-up in adults aged 48-92 years [56] . Varying degrees of presbycusis are experienced by older adults, often with tinnitus, and the rate of progression of hearing loss is worsened by occupational exposure to noise [55] . Whilst hearing loss may not necessarily prevent an individual from remaining in work, working with hearing loss is tiring and makes maintaining optimal work performance more difficult [55] .
Motor control and balance are important factors in preventing slips, trips and falls [57] . Both older male and female workers (≥45 years) have been reported to have higher rates of these types of accidents [58] . This may be attributed to a change in motor control balance that arises from the specific impairment of neuromusculoskeletal factors [57] , or the associated loss of vision with increasing age, which diminishes sensory input [59, 60] .
Thus, consideration should be given to how these losses in sensory abilities directly impact on jobs where there is a high physical demand, and whether these attributes are adequately assessed within a PES.
Cognitive function
Cognitive function is considered to be critical in job performance as it is responsible for the processing of information. Cognition refers to attributes such as memory, ability to learn new information, speech and reading comprehension. Whilst some cognitive functions such as memory have been reported to deteriorate with age [41] , some evidence would suggest that it is not a decrement in functioning but as the brain ages decreases in performance are compensated by activating other parts of the brain [61] . Some loss of cognitive function is inevitable with age and there is evidence to suggest older workers may be able to compensate for this loss, whilst demonstrating some more advanced cognitive skills [62] . Whilst this may be the case, differences between younger and older worker have nonetheless been highlighted [41, 61, 63] , for example, with regard to the slowing of reaction times and driving safety. It has been demonstrated that drivers under the age of 50 years have significantly faster response times across a variety of tasks compared to drivers aged 65 years and older, and that older drivers demonstrate significant deterioration in decision making skills compared to those under the age of 50 years [59] .
It has been stated that there is limited literature specifically informing workplace and health policies about the needs and adaptations necessary for older workers who may be experiencing changes in cognition [62] . The main problem with much of the work examining cognitive function and occupational capability is that it fails to replicate occupational demands, with volunteers performing cognitive skills above levels and intensities that might be required in an occupation. Those studies that have monitored workers over the course of their careers report far smaller declines in cognitive function than laboratory-based studies [64] . It has been suggested that institutional interventions should optimize learning environments by closely matching the information processing characteristics of the learner to the processing demands of the task [65, 66] . To date the literature has not explored age and cognitive ability with respect to fatigue in occupational settings. Thus, critical task analyses, a key component of PES, are needed to allow future research to examine the difference in age with reference to cognitive capability during or following physically demanding tasks.
Sick leave and accidents in the work place
Despite the increase in the use of automated equipment and ergonomic assessments in many occupations to reduce the physical demand upon employees, a number of occupations still include physically demanding tasks, with musculoskeletal injury rates remaining high [67] . Approximately 28% of all injuries reported in the UK HSE statistics 2009/10, were as a result of manual materials handling. In the same period, injuries resulted in 5.1 million work days lost. Thus, the economic cost to organizations is great and accounts for 50% of all work-related absences [68] . These accident rates vary depending on the definition (e.g. injuries requiring three of more days from work), gender and occupation, although there is little evidence that conclusively suggests that older workers have more accidents than younger workers [69] .
It has been reported that there is a relationship between age and heavy manual work leading to an increase in sciatic pain and the likelihood of back injuries [70] , and an increased risk of musculoskeletal injury [71] . However, most of the literature has reported that accident rates decrease as age increases across a range of occupations, including the Fire and Rescue Service and construction industry [72] [73] [74] although some literature reports no difference across age [59, [75] [76] [77] . The observed reduction in accident rate may be attributed to a lower exposure rate to certain high risk critical tasks, suggesting an informal redistribution of work tasks and differences in the types of jobs younger workers undertake and which play a critical role in their high-risk status [78] . Equally, this relationship may reflect the exclusion of older workers from work stresses they can no longer cope with. Alternative explanations are that the reduction in accidents could be due to increased perceptions of work safety [77] , or that older workers with more experience (i.e. more years in the job) are associated with higher levels of efficiency and effectiveness.
Whilst accident rates are reported to be lower for older workers, accident severity and time to recover have been found to increase with age [21, 58, 73, 76, 79, 80] , with those aged ≥45 years being associated with a greater number of re-injuries [73] . In incidents of slips, trips and falls, older workers were more likely than younger workers to require hospitalization [75] . The increase in recovery time and re-injury rate may be attributed to muscle fiber atrophy, decreased muscle density, a reduction in balance and reaction times and increased intramuscular fat associated with aging [24, 57] . Musculoskeletal injuries associated with older workers may result from musculotendinous overload [60] which is further confounded by physical inactivity and deconditioning. In addition, the tensile strength of tendons has been reported to decrease with age. This culmination of effects results in decreased flexibility, which in turn increases the likelihood of tissue trauma, and further exasperates muscle imbalances leading to poor movement function and resulting in compensatory strategies, musculotendinous overload and ultimately injury [60] .
The relationship between age, accident rates, injury and absence, is not simple. Whilst accident rates appear to drop as a result of age [72] [73] [74] , the proportion and magnitude of injuries increases as a result of decline in functional capacity [60, 67] . The injuries of older workers appear to also be related to higher injury costs [80] which are due, in part, to the severity of the injuries sustained [80] . Furthermore, the nature of long term absences and duration of recovery appears to be positively related to age [21, 58, 73, 76, 81] . However, other factors such as the physical nature of the job and worker's health and fitness (the healthy worker effect) interact with age to either increase or decrease the potential impact of age [82] . The evidence would suggest that, the negative effect age may have on injury can be lessened if health and fitness is maintained. Thus, it is important that organizations promote and optimize worker's health and well-being in the work place.
Fatigue and recovery
With workers being expected to remain in employment longer, it has been suggested that an age-related imbalance may occur between workload and work capacity [83] . It has been suggested that this imbalance may occur from a decline in maximal physical work capacity of older workers that is not met with a corresponding reduction in physical work demands [84] . This imbalance can result in a decrease in physical reserves in relation to the daily demands of work, resulting in an overload that cannot be met in the time frame of recovery one day to the next [84] . This needs to be addressed in three ways; i) decrease the physical demand of the work where possible; ii) improve/maintain worker's physical capacity; iii) optimize recovery times.
Research has demonstrated that long-term health effects are preceded by short term effects [85] . These short-term effects are mostly experienced after the working day and signified by physical pain and signs of fatigue [84, 85] . If the time to recover from work day fatigue is inadequate, cumulative effects will lead to long-term health problems, a decrease in work-ability (i.e. the physical capability required to perform work) and absences [84, 85] . Thus, one of the concerns associated with older workers is the risk of overload from physical demanding occupations [86] . This raises an important question: "Do older workers with high work demands need more recovery from work?" There is limited occupational research related to recovery in older workers. However, the available studies have highlighted that older workers do indeed need more recovery than their younger counterparts [86, 87] . This area of research (i.e. the need for recovery) clearly demonstrates the difference between younger and older workers; however, further work is required to determine how factors influence the magnitude of time needed to recovery from physical demanding work and whether this manifests over a working day or week. These implications could directly impact on those workers regularly required to perform work with high work demands. The ability to maintain performance over time should be assessed.
Current practice and policies
A multi-layered approach is required to manage older workers including the: monitoring of physical performance; analysis and understanding of organizations' current and projected workforce; implementation of polices to avoid age discrimination; accommodation of older workers and the facilitation of knowledge transfer between employees [88, 89] .
In 1995 the first political declaration, "Resolution of Employment of Older Workers", targeted toward older workers was introduced in Europe and proposed that action should be taken to prevent the exclusion of older workers from the labor market by adapting working conditions and training programs to the needs of older workers. This has resulted in minimizing "early exit" strategies and promoting "healthy aging," In 2012 the European Union launched the "Year for Active Aging and Intergenerational Solidarity" as a means of disseminating good aging practices. The objectives of this directive were to achieve greater solidarity between generations through: i) active aging in employment; ii) encouraging active aging in the community; and iii) promoting independent living. This policy identifies the challenges facing the aging worker, employers and occupational services, and endorsed reforms for improving attitudes of management for age-related issues; better age-adjusted and flexible working parameters; and health services to better care for the aging worker [90] . These challenges have been translated into four policy dimensions (work environment, disease prevention and health promotion, flexible working, social context of work) which involve government, industry regulators, employers and individuals [90] . It has been suggested that workplace accommodations are vital in the management of the aging workforce. The UK Health and Safety Executive (HSE) recommendations from 2005 [22] , 2010 [23] and 2012 [69] concluded that older workers do not need to be treated differently to younger workers, providing employers are aware that there may be a reduction in some physical and mental capabilities [22, 23] . In addition to lifestyle behaviors and personal interventions, the HSE recommend that there are a number of simple and effective workplace accommodations that employers can adopt as listed below [22, 23] .
• Training provision for those over 50 years old should be improved [4, 18, [91] [92] [93] ].
• All jobs should be designed with flexibility in mind unless evidence shows there is a good reason for not doing so [4, 18, 91, 92, 94, 95 ].
• All employers should be willing to accept requests for flexible working [4, 18, 96] .
• Where appropriate, flexi-time and working from home should be considered [4, 18, 92, [94] [95] [96] .
• Where appropriate, part time hours should be considered [93] .
• All jobs should use phased retirement plans [91, 93] .
• HR departments should be involved in order to drive change [4, 18] .
• Selection should be based on objective measures, such as those used in the development and implementation of PES [95] .
• Work place adjustments should be implemented e.g. moving to supervisory roles if the work is proving to physically demanding, moving to a "bridging" job prior to retirement [92] .
• The health needs of older workers should be met, e.g. developing an occupational health service to: provide advice; make reasonable adjustments to their workplace [4, 92, 94] .
• Employers should implement work environment adjustments e.g. lighter equipment, providing power tools [92] .
• Employers should work with employees to ensure that work performance can be properly measured regardless of working pattern [4, 95] .
• Healthy lifestyles and physical activity should be promoted in an attempt to minimize the physiological decline of aging [24] .
• Employers should consider the wider knowledge and awareness of working environments which can trigger ill health [either mental or physical) may lead to a wider adoption of preventative interventions in older workers [91] .
Although there is considerable evidence that, with aging, working life can be managed through different polices, it remains unclear which are the most beneficial and/or cost effective to specific organizations [10] .
Discussion
The importance of managing older workers, maintaining institutional skills, experience and knowledge is essential for productivity and profitability in all organizations, yet the relationship between age and work is not a simple one. Other factors such as the physical nature of the job, worker's health and lifestyle factors interact to alter work performance in relation to age [82, [97] [98] [99] [100] [101] . It appears that age has a limited impact on work performance when older workers maintain the abilities required for satisfactory job performance and have the requisite level of expertise and fitness for the job [50, 82, 97] . Thus, it is important individuals have the physical capability to undertake the job, one way to ensure this is to implement a tasked-based PES, established independently of the consideration of subgroups, making the resulting standard age and gender "free" [102] . Alternatively, a PES could be used in occupations where public safety is not a factor, to inform job placement within an organization [103, 104] . This approach of using a PES to place workers into jobs which have been matched to their physical capabilities, may be more appealing to employers looking to retain aging employees.
Work alone does not appear to promote the health and fitness requirements necessary to maintain job performance [105] [106] [107] . Indeed, specific task-based training programs, nutritional education, occupational support, job adaptation, retirement plans and social interventions have the most significant effect on promoting working longevity [88, [105] [106] [107] [108] . These interventions should not be focused on workers over a certain age but be an ongoing intervention through the working life (i.e. healthy older workers are healthy younger workers who age healthily). In order to optimize worker longevity, aging workers, employers and occupational services need to address: attitude, management (i.e. the knowledge of managers and supervisors in agerelated issues needs to be improved); work-life (i.e. better age-adjusted and flexible working); and the health services to better care for the aging worker [10] .
Evidence has been presented that suggests that age-related factors in working life can be managed through a number of interventions, however, it remains unclear which are the most beneficial and/or cost effective [108] . This would suggest that each organization needs to develop individualized programs to manage older workers, specific to the job requirements. The integration of such interventions requires company and organizational commitment from the top down, with educational programs at all levels to ensure understanding and participation.
